ABSTRACT In two separate experiments 10 healthy men each were exposed at rest in an exposure chamber to about 200 ppm toluene in the air. Hippuric acid, o-, m-, p-cresol, and phenol in urine were detected by capillary gas chromatography at the beginning and at the end of exposure, and at variable times after the cessation of exposure. In addition toluene in blood was determined at the same intervals. The results indicate that in addition to hippuric acid, o-, m-, and p-cresol are metabolites of toluene; the detoxication lasting 24 hours at least.
Formation of cresols after exposure to toluene was first suggested by Lahamr. Using elaborate analytical methods, o-and p-cresol were detected in printing workers exposed to toluene.2-4 In a further investigation o-, m-, and p-cresol were found in an occupationally exposed group.5 Elucidation of a complete metabolic pattern is important in any discussion concerning the toxicity of toluene and the present investigation was set up to study this process further.
Male volunteers were exposed to toluene experimentally in a chamber, and urinary metabolites were detected at intervals by means of capillary gas chromatography. This procedure has the advantage that environmental conditions may be standardised, and interference with other pollutants does not occur.
Materials and methods EXPOSURE CHAMBER
To allow experimental exposures, a climatic chamber (Type 21, 5E/+ 2JV/1ODV-EX, Weiss Company, Giessen) was established in our institute and specially modified in co-operation with the maker, the university building authorities, safety engineers, technicians, the insurance authorities, and the users. This comprehensive collaboration was necessary to ensure the detailed safety specification required for human experimental exposure. The degree of explosion protection was classed "EX-G3."6 The interior has an area of 8-96 m2 and a volume of 21-5 m3, and the chamber is isolated from adjacent rooms by a sluice. * Dedicated to Professor Dr H Weichardt on his 65th birthday. To minimise adsorption effects, the inner walls consist of stainless steel. The air conditioning has an operating temperature range from + 100C to 40°C (±1 5°C) and a humidity range from 30% to 80% rel (± 5 %). For the experiments, 22°C and 45 % rel humidity were set up. Feeding-, outgoing-and circulating air are led in isolated circuits. All ventilators are linked up with an emergency plant.
DOSE-REGULATING EQUIPMENT
The dose-regulating equipment had been recently constructed in our laboratory. The pollutant-for instance, an organic solvent-is nebulised directly into the circulating air and is passed through a sieve plate ceiling into the chamber. This homogenous dispersion gives a concentration profile, which is stable for hours. A concentration range from 5 to 1000 ppm at solvent boiling points up to 160'C is available, and it is also possible to introduce stable concentrations of vapour mixtures and to make regular alterations to the concentration.
MEASUREMENT OF THE VAPOUR CONCENTRATION
The measurement of vapour concentrations was carried out using three methods.
Charcoal adsorption Charcoal adsorption of airborne toluene was performed over periods of one hour each, followed by gas-chromatographic head space analysis.7
Apparatus-Perkin-Elmer F-40 gas chromatograph designed for head space analysis.
Column-15% Carbowax 1500 + 0-5% Triton X 305 on Chromosorb P AW, 80/100 mesh, stainless steel 2 m x " od coupled with 5 
EXPERIMENTAL EXPOSURE TO TOLUENE
According to the methods outlined above, atmospheres containing 200 ppm toluene were set up and controlled. In two experiments 10 healthy male volunteers each were exposed at rest for four hours. Blood and urine spot samples were taken before starting the experiment, at the end of a four-hour exposure, and after a further four, 20, and 44 hours. The subjects were allowed to drink during exposure.
DETECTION OF METABOLITES IN URINE
Density of the urine samples was checked pyknometrically. o-, m-, p-cresol and phenol were determined by capillary gas chromatography as described previously.5 For the analysis of hippuric acid, m-methyl-hippuric acid as an internal standard was added to 1 ml urine. The pH was set to 2 with hydrochloric acid, and the sample was extracted twice with 2 ded. There was no statistical difference between the results obtained from the two experiments, so they are combined in table 1. The correlation between the excretion of the various metabolites was shown by linear regression. Table 2 shows the results of this analysis; no correction for urine density is given.
The mean values for all metabolites in the urine increased after four hours' exposure except phenol and urine density. The subjects were allowed to drink during exposure, which accounts for the decrease in urine density. As phenol is not involved in the detoxication of toluene but only to urine density, it is to be expected that phenol excretion would also decrease. 
